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ABSTRACT As part of a 3-year project sponsored by the Naval Facilities Engineering Commnand
(NAVFAC) and Office of Naval Research (ONR), eight prototype three-phase amorphous metal

core distribution transformers (three 75-kVA and five 150-kVA units) were installed at the Public
Works Center (PWC) Pearl Harbor, Hawaii. The program objective was to evaluate the electrical
performance and operational reliability of the amorphous metal core transformers compared to
conventional silicon-steel iransformers, and to determine the stability of the transformer core
losses over an extended perid of time. Three years of test and evaluation of these amorphous
transformers has shown no degradation of the initial low core loss. No failures of any kind
occurred. More importantly, test results obtained from these transformers indicate no long-term
degradation of the low core loss is expected. No-load losses in the 75-kVA transformers tested
were reduced by 62.6 perrent and in the 150-kVA units by 70.1 percenL Distribution transform-
ers are an area where more efficient materials, such as amorphous metal, significantly reduce core
losses and help to lower the total losses on the distribution system. These eight relatively small
three-phase transformers have been in operation at Pearl Harbor for only a few years, but have
already produced energy savings of approximately three thousand dollars.
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INTRODUCTION

The Naval Civil Engineering Laboratory (NCEL) has recently com-
pleted a test and evaluation program for 75-kVA and 150-kVA amorphous
core distribution transformers at the Public Works Center (PWC), Pearl
Harbor, Hawaii. Results of these tests compare very favorably with
industry projections of 60 to 70 percent savings in transformer no-load
losses for amorphous core distribution transformers.

Amorphous metal is produced by a process known as rapid solidifi-
cation. By spraying molten metal in a cold environment, tiny particles
are cooled at the rate of one million degrees a second. This process
freezes the atoms in place before they can align in a crystalline
lattice, as happens with glass. In glassy form, a metal can possess
properties of strength, conductivity, and magnetism that are entirely
different from its crystalline form. Rapid solidification creates a new
state of matter; metals with new structures; and new properties of mag-
netism, strength, and stiffness.

The technological progress made possible by this advanced material
in the amorphous core distribution transformers at Pearl Harbor, Hawaii
resulted in reducing no-load losses by 62.6 percent in the 75-kVA trans-
formers and by 70.1 percent in the 150-kVA units.

BACKGROUND

In January 1987, the Public Works Center (PWC), Pearl Harbor,
Hawaii initiated a transformer replacement program involving 126 PCB
contaminated three-phase pad-mounted indoor and outdoor distribution
transformers. The Naval Civil Engineering Laboratory (NCEL), in
investigating Navy-wide costs in energy savings, contracted with the
General Electric Company to build eight prototype three-phase amorphous
core distribution transformers (three 75-kVA and five 150-kVA units) to
be included in this transformer replacement program at Pearl Harbor. At
the time of installation in 1987, these units were the largest com-
mercial grade amorphous core transformers in the world.

This report chronicles the performance of thesp transformers over a
2-year period of operation on the utility systems at Ford Island,
Barbers Point Naval Air Station, the Naval Shipyard, and the Naval
Supply Center at Pearl Harbor, Hawaii.

The main objectives of these field tests were to determine that
there is no long-term degradation of the initial low core loss and
exciting current due to aging of the amorphous core under normal
operating conditions.



INSTALLATION TESTING

NCEL's operating experience with three-phase amorphous core
transformers on a distribution system began in October 1987 at the
Public Works Center (PWC), Pearl Harbor, Hawaii. The eight amorphous
core transformers that were installed at PWC Pearl Harbor were built by
the General Electric Company. NCEL monitored the entire manufacturing
process of these transformers prior to their shipment to Pearl Harbor,
beginning with the design and construction of the amorphous cores at the
Hickory, North Carolina facility and culminating with the final assembly
of the completed units at the Shreveport, Louisiana plant.

The following commercial tests were conducted by the General
Electric Company according to ANSI/IEEE C57.12.90-1980 standards. These
tests were conducted in order to determine the transformers electrical
performance parameters prior to installation and further field testing
at Pearl Harbor, Hawaii. All tests were conducted at the Hickory, North
Carolina and Shreveport, Louisiana plants.

Ratio Test

Objective: The turns ratio of the transformer is the ratio of
turns in the high-voltage winding to turns in the low-voltage
winding. The objective of the ratio test was to demonstrate
that the ratio of turns in the high-voltage and low-voltage
windings was correct, so that a given impressed high voltage
would produce the expected low voltage, according to the ratio
of high-voltage winding turns to low-voltage turns.

Polarity Test

Objective: The objective of the polarity test was to demon-
strate that the leads and polarity marks on the transformer
reflected the actual arrangement of the transformer windings.
These data are particularly important when two or more trans-
formers are operated in parallel.

No-Load Loss/Exciting Current Test

Objectives: The objectives of the no-load loss and excitation
current tests were to determine: (1) the power loss in the
transformer when operating at rated voltage and frequency, but
not supplying load; and (2) the excitdtion current required to
maintain the magnetic flux excitation in the transformer core.
No-load losses include core loss, dielectric loss, and loss in
the windings due to exciting current. Both no-load losses and
excitation currents should be determined using sinusoidal
sources, or by correcting for the applied source waveforms as
described in Section 8 of ANSI/IEEE C57.12.90-1980.
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Impedance Voltage/Load Loss Tests

* Objective: The objective of the impedance voltage/load loss
tests was to determine the voltage required to circulate the
rated current under short-circuit conditions, and the associated
watt loss when the source was connected to the rated voltage
taps. The impedance voltage consisted of an effective resis-
tance component corresponding to the load losses and a reactive
component corresponding to the leakage flux linkages of the
windings.

Applied Voltage Tests

* Objective: The objective of the applied voltage tests was to
stress the major components of insulation, and the major in-
sulation between the windings and ground. Two types of applied
voltage tests were made: high-to-low-to-iron-to-case (HLIC)
applied voltage tests, and low-to-high-to-iron-to-case (LHIC)
applied voltage tests. In the HLIC tests, the test voltage was
applied to the high-voltage transformer bushings (which were
tied together), and the low voltage bushings (which were tied
together and grounded). In the LHIC tests, all low-voltage
bushings were tied together and connected to the source voltage,
and the high-voltage bushings were tied together and grounded.
The HLIC tests stressed the insulation of the high-voltage
windings. The LHIC tests stressed the low-voltage windings.

Induced Potential Test

* Objective: The objective of the induced potential test was to
stress interwinding insulation structures, as well as portions
of the major insulation. The test applied greater than rated
volts per turn to the transformer, so that it was run at higher
frequency (400 Hz in this case) to avoid core saturation.

Audible Sound Level Test

* Objective: The objective of the audible sound level test was to
determine the audible sound emitted from the transformer when
operated at rated voltage and frequency, and no load. Sound
level measurements were significant because excessive sounds
from transformers can be an annoyance in residential or other
populated areas. Also, excessive sound levels may indicate
apparent problems in the transformer core, such as loose or
fractured core laminations. A sound level meter with an A-
weighting frequency network was used for the measurements, since
this type of weighting best represents the ability of a remote
listener, with normal hearing, to hear the complex sounds
generated by the transformer. The tests were conducted in
accordance with the procedures in Section 13 of ANSI/IEEE
C57.12.90-1980.
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Radio Influence Voltage (RIV) Test

Objective: The objective of the RIV test was to determine the
amount of RIV produced by the corona (local overstress) in
transformer insulation. RIV, as the name implies, may cause
interference to radio communications. Excessive corona may also
be an indication of insulation breakdown. The tests were per-
formed with the methods prescribed in NEMA Publication TR 1.
Tests were run at 100 percent and 110 percent of rated voltage.

Short-Circuit Test

Objective: The objective of the short-circuit tests was to
demonstrate the ability of the transformer to withstand the
stresses resulting from a short circuit applied to the trans-
former's primary or secondary terminals. The tests were con-
ducted by either closing a breaker at the faulted terminal to
apply a short circuit to a previously energized transformer, or
by closing a b-eaker at the source terminal to apply energy to a
previously short-circuited transformer.

Temperature Rise Test

* Objective: The objective of the temperature rise test was to
determine the maximum temperature rise (above the ambient
temperature) of the windings and the insulating fluid in the
transformpr when the transformer was operated at maximum kVA
rating. The temperature rise test was conducted in accordance
with the procedures in Section 11 of ANSI/IEEE C57.12.90-1980.

No-Load Loss Corrected to a Sine-Wave Basis

Because no-load loss and current are particularly sensitive to
differences in waveshape, no-load loss measurements will vary markedly
with the waveshape of the test voltage. The correct no-load loss of a
transformer shall be determined from the measured value by means of the
following equation:

P
P P1 + kP2

This requires both an average and root mean square (rms) responding
voltmeter be used to correct the measured no-load losses to a sine-wave
basis.

After receiving the eight amorphous core transformers at the Naval
Shipyard at Pearl Harbor and prior to their installation on the distri-
bution system, the following tests were conducted by NCEL personnel in
order to insure that the transformers were not damaged in any way during
their shipment from the Shreveport, Louisiana plant to Pearl Harbor,
Hawaii. No-load loss and exciting current tests showed changes of less
than 1 percent from the factory test results, while the ratio and
polarity tests were exactly the same.
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Figure 1 shows the complete test setup in Building 166 prior to
field installation. When no-load loss, excitation current, ratio, and
polarity tests were completed, the amorphous core transformers were
loaded on flatbed trucks as shown in Figure 2 and permanently installed
at various sites throughout the Pearl Harbor complex. Figure 3 shows
the final installation of a 150-kVA amorphous core transformer at the
Naval Shipyard, Pearl Harbor, Hawaii.

TEST METHODS

Correcting No-Load Loss to Sine-Wave Basis

ANSI Standard C57.12.90 requires that no-load losses be determined
based on a sine-wave voltage. Furthermore, it recommends that the
average voltmeter method (which requires both an average and rms res-
ponding voltmeter) be used to correct the measured no-load losses to a
sine-wave basis. Both voltmeters are required because the no-load loss
is very sensitive to the waveshape of the test voltage and different
waveshapes will result in different losses.

All amorphous transformer testing at Pearl Harbor was accomplished
according to ANSI Standard C57.12.90 using a Yokogawa Model 2533 Digital
Power Meter, which incorporates both an average and rms responding volt-
meter. The correct no-load loss was then determined by means of the
following equation:

P
P1 + kP2

where P = no-load loss (watts) corrected to a sine-wave basis

P = no-load loss measured in test

Pl = per unit hysteresis loss*

-2 = per unit eddy-current loss*

*If actual percentage values of hysteresis and eddy-current losses are
not available, ANSI standard suggests that they be assumed equal,
assigning a value of 0.5 per unit:

k =( Er 
)2

where Er = test voltage measured by rms voltmeter

Ea = test voltage measured by average voltage voltmeter
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Figures 4 and 5 show a Yokogawa Model 2533 Digital Power Meter and
the different wiring configurations that were used to test the three-
phase 3-wire and three-phase 4-wire amorphous core transformers at Pearl
Harbor, Hawaii. Figure 6 shows a schematic diagram of the Digital Power
Meter connected to a three-phase 4-wire amorphous core transformer under
test at Barbers Point Naval Air Station. This testing procedure was
strictly adhered to in testing all amorphous core transformers at Pearl
Harbor.

It was necessary to use a generator with multiple output load con-
nections to supply rated voltage to the secondaries of the transformers
under test. These load-to-generator connections and the generator con-
nection schematic diagram are shown in Figure 7. The required voltages
needed to test the eight amorphous core transformers were:

1. Three-phase 4-wire 120/208 WYE.

2. Three-phase 3-wire 240-volt delta.

3. Three-phase 3-wire 230-volt delta.

4. Three-phase 3-wire 480-volt WYE.

These various output voltages are precisely controlled with a
potentiometer in the control circuitry of the Onan 7.5-kW generator.

Field Site Testing

Field performance was monitored at 1-year intervals over a 3-year
period. The purpose of the field tests was: (1) to evaluate core loss
and exciting current stability, and (2) to conduct the most widespread
field evaluation of three-phase amorphous core transformer performance
to date.

NCEL initiated a test program to evaluate the stability of the
amorphous core transformer. The following parameters were recorded over
the 3-year period:

1. No-load losses on each phase (watts)

2. Total no-load loss (watts)

3. Corrected no-load loss to a sine-wave basis (watts)

4. Excitation current (amperes)

5. Percent excitation current

6. Root mean square (rms) voltage

7. Average voltage

8. Ambient air temperature

6



9. Oil temperature inside transformer

10. Maximum oil temperature inside transformer

Following is a list of the stations along with the size and loca-
tion of each transformer tested on the island of Oahu, Hawaii:

Station Size Location

TF-9 75 kVA Ford Island (B-99)
BP-B169 75 kVA Barbers Point Naval Air Station (B-169)
TD-1O 75 kVA Ford Island (B-181)
K-28 150 kVA Naval Supply Center (S-959)
Bldg-166 150 kVA Naval Shipyard (B-166)
TC-7 150 kVA Ford Island (S-258)
C-11 150 kVA Naval Shipyard (B-393)
BP-B91 150 kVA Barbers Point Naval Air Station (B-91)

These transformers have been in service for over 2 years with
little change in no-load loss and excitation current. A summary of the
test results of the amorphous core transformers performance on a dis-
tribution system measured at intervals over a 3-year period is shown in
Tables 1 through 8. Tables 9 and 10 show the results of the same test-
ing procedure used on conventional 150-kVA silicon steel transformers.
Table 11 shows the results of a World War II vintage transformer that is
still in use today at Pearl Harbor, Hawaii. This transformer had no-
load losses of 888 watts compared to 87 watts for a amorphous core
transformer of the same size. The amorphous core transformer showed a
90 percent reduction in the energy consumed by losses in the cores of
the distribution transformers. This transformer core loss is power
which must be supplied every hour of every day. By locating these
amorphous core transformers in critical areas throughout the Pearl
Harbor complex, PWC Pearl Harbor has taken full advantage of the power
saving opportunities these transformers offer.

When testing amorphous core transformers in the field, the power to
the transformer had to be shut down, and all primary and secondary leads
removed. The secondary leads were removed to completely isolate the
transformer from any other electrical circuits. In every case, this
resulted in a complete power outage in the test area. Power outages
needed to be incorporated into the testing schedule, and time limits
observed when testing the equipment. PWC Pearl Harbor scheduled and
provided NCEL with a 4-hour power outage for each transformer tested.
Frequently, the testing was accomplished in less than half of that time.

NCEL used the following test procedure for each transformer:

1. A high-voltage electrician would shut down the power to the
transformer under test.

2. All primary and secondary leads were removed from the
transformer under test.

3. NCEL personnel then tested the transformer.
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4. All primary and secondary leads to the transformer were then
reconnected.

5. The high-voltage electrician then switched the high voltage
back on the primary of the transformer.

In addition to showing no indications of degradation in performance
of magnetic properties, none of these eight amorphous core transformers
have required any maintenance or repair. Although the periodic testing
of these transformers has been discontinued, they are still in operation
today and are expected to continue providing reliable service for the
next 20 to 30 years.

Equipment Used

The core loss and exciting current performance of the amorphous
core transformers required test equipment of known accuracy. This test
equipment, as pictured in Figure 8, was periodically calibrated and the
calibration results are traceable to the National Bureau of Standards in
accordance with MIL-STD-45662.

Because of the very nature of the tests, the transformers being
installed at eight different locations around the island of Oahu, re-
quired that all the test equipment be portable. This equipment was
purposely designed and selected by NCEL for transport by pickup truck
since three of the test sites were located on Ford Island and accessible
solely by ferryboat.

Two portable generators were used to conduct all Installation and
later field site testing of the amorphous core transformers. The main
power source used throughout the test program was an Onan 7.5-kW 4-
cycle-2-cylinder vertical in-line, gasoline-driven, air-cooled, alter-
nating current generator (see Figure 9). This generator was selected
because it could provide nine different three-phase output voltages,
which vary from 120/208 to 277/480 volts in both WYE and DELTA con-
figurations. The main purpose of this generator was to supply rated
voltage to the secondary of the transformer under test. Its starting
source is a 12-volt battery. Figure 10 shows the cover removed from the
throat of an amorphous core transformer exposing the secondary tabs
where rated voltage is applied during testing. The frequency of the
generator was continually monitored and, when required, adjusted to
exactly 60.0 Hz for all the different output voltages needed to conduct
the tests. A Simpson Model 2726 electronic counter was used to monitor
the output frequency of the 7.5-kW Onan generator while it was providing
rated voltage to the secondary of the transformer under test. This
piece of equipment is a very accurate solid state device with a six-
digit numerical display, which has a frequency range from 5 Hz to 32 MHz
with an accuracy of ±0.001 percent ±digit.

The second generator, a Honda Model EG650-550 watt, four-stroke,
one cylinder air-cooled, gasoline-driven generator, was used to provide
power for the two test instruments. These instruments include the
Simpson Model 2726 electronic counter and the very heart of the testing
program, the YOKOGAWA Model 2533 Digital Power Meter (see Figure 11).
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This power measuring instrument primarily measures voltage, current, and
power in single- and three-phase circuits with an accuracy of ±0.1 per-
cent of reading +0.1 percent of range within 44 to 66 Hz, over a fre-
quency range of 10 Hz to 20 KHz. Three values among measured or com-
puted values are simultaneously displayed; voltage, current, and power
of single-phase to three-phase 3-wire or three-phase 4-wire circuits.

When testing the three-phase amorphous core transformers using this
instrument, it was possible to obtain voltage, current, and power on
each phase of the transformer along with the total current and power of
the transformer under test. This was especially important since a
determination could be made concerning the distribution of the core loss
in each phase of the transformer.

A Model HT14K Digital Thermometer was used to monitor the ambient
air temperature. It has a range of -50 °F to 140 °F with an accuracy of
±0.75 percent to 1 *F.

A complete block diagram of the test program is shown in Figure 12.

CONCLUSIONS

The results of testing the three-phase amorphous core distribution
transformers at Pearl Harbor, Hawaii confirm the reliability and depend-
ability of these transformers. The 75-kVA three-phase amorphous trans-
formers showed a 62.6 percent reduction in core loss as compared to
silicon iron transformers, while the 150-kVA units showed a 70.1 percent
reduction (see Table 12).

Some of the new 150-kVA silicon-steel transformers that were in-
stalled at Pearl Harbor as part of the transformer replacement program
had no-load losses that were 78 percent higher than comparable amorphous
core units (Tables 9 and 10). Reductions in core losses as high as 90
percent were observed when comparing the new ultra efficient amorphous
core distribution transformers with similar older transformers that are
still in operation today at Pearl Harbor Hawaii (see Table 11).

Amorphous metal core distribution transformers are a reliable means
of reducing day-to-day operating costs. Although silicon-steel distri-
bution transformers are relatively efficient devices, the total annual
energy lost in their use is significant. This core loss is power that
must be supplied every hour of every day to these transformers.

Amorphous metals represent a major advance in transformer core
technology and the Navy has taken full advantage of this quantum step in
efficiency improvement with its test program at Pearl Harbor, Hawaii.

For further information on transformers, a list of related NCEL
technical documents is included as an appendix to this report.

FUTURE WORK

The main objective of the amorphous core transformer field tests
was to determine if there would be any change in no-load losses and
exciting current due to the aging of the amorphous core under normal
operating conditions over extended periods of time. Although the
periodic testing of these transformers has been discontinued, they are

9



still in service today, and based on the limited data base that has been
acquired, are expected to continue performing for the normal expected
transformer life of 20 to 30 years.

Three-phase amorphous core transformers have only recently become
commercially available and the results of the field tests at Pearl
Harbor, Hawaii are the only field performance data that has been
acquired by the Navy thus far.

In order to obtain a larger data base from which to better evaluate
the performance of these transformers, NCEL would need to extend this
program to at least 5 years. This would require further testing in 1990
and 1991 on an annual basis.
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Table 1. 75-kVA Amorphous Transformer Performance on the
Distribution System at Ford Island (B-99)

Serial No. P18O311TVB; Transformer No. LN 3519

a. Specifications

Station ...... TF-9 Impedence ........ 4.59% @ 85 *C
Type ........ Three-Phase BIL-HV Winding ...95 kV
Frequency .... 60 Hertz BIL-LV Winding...30 kV
Class ........ OA Weight ........... 1,950 lb
HV ........... 12,000 Liquid ........... 90 Gallons,
LV ........... 230 Mineral Oil
Temp. Rise ...65 *C Installed ....... 10-21-87

b. Test Results

Test Date
Parameters Tested

10-20-87 5-16-88 6-13-89

RMS, Volts 230.43 230.60 230.40

AVG, Volts 230.32 230.40 230.30

No-Load Loss (W) 47.50 46.80 47.30

Corrected No-Load 47.48 46.76 47.28
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.2744 0.2577 0.2536

Exciting Current (%) 0.09 0.07 0.07

Ambient Air Temp. 85 OF 82 OF 82 OF

Oil Temp. Inside 30 0C 28 °C 26 0C
Transformer

Oil Temp. Inside 30 °C 28 °C 29 0C
Transformer (Max)
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Table 2. 75-kVA Amorphous Transformer Performance
on the Distribution System at Barbers
Point Naval Air Station (B-169)

Serial No. P180312TVB; Transformer No. LN 4307

a. Specifications

Station ...... BP-B169 Impedence ........ 4.46% @ 85 *C
Type ......... Three-Phase BIL-HV Winding... 60 kV
Frequency .... 60 Hertz BIL-LV Winding... 30 kV
Class ........ OA Weight ........... 1,950 lb
HV ........... 4,160 Liquid ........... 89 Gallons,
LV ........... 480 Silicone Oil
Temp. Rise ...65 *C Installed ....... 10-20-87

b. Test Results

Test Date
Parameters Tested

10-20-87 5-19-88 6-15-89

RMS, Volts 480.03 480.03 480.10

AVG, Volts 478.82 479.00 478.40

No-Load Loss (W) 48.37 48.00 48.20

Corrected No-Load 48.27 47.87 48.03
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.1927 0.1830 0.1881

Exciting Current (%) 0.12 0.12 0.12

Ambient Air Temp. 85 OF 83 OF 85 OF

Oil Temp. Inside 28 0C 30 0C 30 OC
Transformer

Oil Temp. Inside 28 0C 30 °C 40 OC
Transformer (Max)
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Table 3. 75-kVA Amorphous Transformer Performance on the

Distribution System at Ford Island (B-181)

Serial No. P180313TVB; Transformer No. LN 3571

a. Specifications

Station ...... TO-1O Impedence ........ 4.60% @ 85 °C
Type ......... Three-Phase BIL-HV Winding... 95 kV
Frequency .... 60 Hertz BIL-LV Winding...30 kV
Class ........ OA Weight ........... 1,950 lb
HV ........... 12,000 Liquid ........... 90 Gallons,
LV ........... 230 Mineral Oil
Temp. Rise ...65 *C Installed ....... 10-23-87

b. Test Results

Test Date
Parameters Tested

10-22-87 5-17-88 6-13-89

RMS, Volts 230.20 230.20 230.60

AVG, Volts 230.00 230.00 230.30

No-Load Loss (W) 51.20 49.90 50.30

Corrected No-Load 51.16 49.82 50.23
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.2668 0.2611 0.2569

Exciting Current (%) 0.08 0.08 0.08

Ambient Air Temp. 84 OF 81 OF 85 OF

Oil Temp. Inside 27 °C 28 °C 28 °C
Transformer

Oil Temp. Inside 27 0C 32 °C 32 0C
Transformer (Max)
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Table 4. 150-kVA Amorphous Core Transformer Performance on the

Distribution System at the Naval Supply Center (S-959)

Serial No. P180323TVB; Transformer No. LN 2040

a. Specifications

Station ...... K-28 Impedence ........ 4.42% @ 85 °C
Type ......... Three-Phase BIL-HV Winding... 95 kV
Frequency .... 60 Hertz BIL-LV Winding ...30 kV
Class ........ OA Weight ........... 2,700 lb
HV ........... 12,000 Liquid ........... 120 Gallons,
LV ........... 208Y/120 Mineral Oil
Temp. Rise ...65 °C Installed ....... 10-19-87

b. Test Results

Test Date
Parameters Tested

10-16-87 5-15-88 6-12-89

RMS, Volts 120.39 120.21 120.37

AVG, Volts 120.39 120.28 120.15

No-Load Loss (W) 86.68 86.50 88.50

Corrected No-Load 86.68 86.55 88.34
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.6185 0.5926 0.6997

Exciting Current (%) 0.09 0.08 0.09

Ambient Air Temp. 86 OF 87 OF 84 OF

Oil Temp. Inside 28 °C 32 0C 30 °C
Transformer

Oil Temp. Inside 28 OC 32 0C 32 0C
Transformer (Max)
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Table 5. 150-kVA Amorphous Core Transformer Performance on the

Distribution System at the Naval Shipyard (Bldg-166)

Serial No. P180324TVB; Transformer No. LN 4433

a. Specifications

Station ...... Bldg 166 Impedence ........ 4.45% @ 85 'C
Type ......... Three-Phase BIL-HV Winding... 95 kV
Frequency .... 60 Hertz BIL-LV Winding... 30 kV
Class ........ OA Weight ........... 2,800 lb
HV ........... 12,000 Liquid ........... 120 Gallons,
LV ........... 208Y/120 Silicone Oil
Temp. Rise ...65 *C Installed ....... 10-25-87

b. Test Results

Test Date
Parameters Tested

10-26-87 5-11-88 6-8-89

RMS, Volts 120.12 120.17 120.60

AVG, Volts 120.19 120.31 120.70

No-Load Loss (W) 86.36 85.74 86.80

Corrected No-Load 86.41 85.80 86.88
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.6046 0.5859 0.5986

Exciting Current (%) 0.08 0.08 0.08

Ambient Air Temp. 87 OF 81 OF 85 OF

Oil Temp. Inside 27 OC 26 0C 25 0C
Transformer

Oil Temp. Inside 27 OC 28 0C 25 0C
Transformer (Max)
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Table 6. 150-kVA Amorphous Core Transformer Performance

on the Distribution System at Ford Island (S-258)

Serial No. P180325TVB; Transformer No. LN 3533

a. Specifications

Station ...... TC-7 Impedence ........ 4.54% @ 85 °C
Type ......... Three-Phase BIL-HV Winding... 95 kV
Frequency .... 60 Hertz BIL-LV Winding... 30 kV
Class ........ OA Weight ........... 2,700 lb
HV ........... 12,000 Liquid ........... 120 Gallons,
LV ........... 208Y/120 Mineral Oil
Temp. Rise ...65 *C Installed ....... 10-18-87

b. Test Results

Test Date
Parameters Tested

10-17-87 5-12-88 6-16-89

RMS, Volts 120.39 120.07 120.00

AVG. Volts 120.33 119.94 119.80

No-Load Loss (W) 91.62 90.30 89.53

Corrected No-Load 91.58 90.31 89.36
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.6634 0.6200 0.6262

Exciting Current (%) 0.09 0.09 0.09

Ambient Air Temp. 87 OF 81 OF 84 OF

Oil Temp. Inside 30 0C 32 C 32 °C
Transformer

Oil Temp. Inside 30 0C 34 0C 33 0C
Transformer (Max)
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Table 7. 150-kVA Amorphous Core Transformer Performance on the

Distributiion System at the Naval Shipyard (B-393)

Serial No. P180326TVB; Transformer No. LN 2016

a. Specifications

Station ...... C-11 Impedence ........ 4.50% @ 85 0C
Type ......... Three-Phase BIL-HV Winding... 95 kV
Frequency .... 60 Hertz BIL-LV Winding... 30 kV
Class ........ OA Weight ........... 2,700 lb
HV ........... 12,000 Liquid ........... 120 Gallons,
LV ........... 208Y/120 Mineral Oil
Temp. Rise ...65 °C Installed ....... 10-19-87

b. Test Results

Test Date
Parameters Tested

10-17-87 5-14-88 6-10-89

RMS, Volts 120.41 120.28 120.51

AVG, Volts 120.41 120.32 120.38

No-Load Loss (W) 85.64 85.21 84.00

Corrected No-Load 85.63 85.23 83.92
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.6253 0.6306 0.5852

Exciting Current (%) 0.09 0.09 0.08

Ambient Air Temp. 86 OF 81 OF 84 OF

Oil Temp. Inside 26 °C 28 0C 27 0C
Transformer

Oil Temp. Inside 26 OC 28 OC 28 0C
Transformer (Max)
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Table 8. 150-kVA Amorphous Core Transformer Performance
on the Distribution System at Barbers Point
Naval Air Station (B-91)

Serial No. P180327TVB; Transformer No. LN 4125

a. Specifications

Station ...... BP-B91 Impedence ........ 4.47% @ 85 0C
Type ......... Three-Phase BIL-HV Winding... 60 kV
Frequency .... 60 Hertz BIL-LV Winding...30 kV
Class ........ OA Weight ........... 2,550 lb
HV ........... 4,160 Liquid ........... 120 Gallons,
LV ........... 480 Mineral Oil
Temp. Rise ...65 °C Installed ....... 10-20-87

b. Test Results

Test Date
Parameters Tested

10-19-87 5-18-88 6-17-89

RMS, Volts 480.20 480.70 480.83

AVG, Volts 480.25 478.83 479.05

No-Load Loss (W) 87.18 88.64 88.43

Corrected No-Load 87.21 88.33 88.07
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.3409 0.3427 0.3465

Exciting Current (%) 0.11 0.11 0.11

Ambient Air Temp. 90 OF 85 OF 86 OF

Oil Temp. Inside 30 0C 32 0C 32 0C
Transformer

Oil Temp. Inside 30 °C 33 0C 33 0C
Transformer (Max)
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Table 9. Conventional 150-kVA Silicone Steel Transformer

Spare Unit in Bldg. 166 (Manufactured in 1987)

Serial No. 87-51079-B; Transformer No. Spare

a. Specifications

Station ...... Bldg. 166 Impedence ........ 4.15%
Type ........ Three-Phase BIL-HV Winding.. .95 kV
Frequency .... 60 Hertz BIL-LV Winding.. .30 kV
Class ........ OA Weight ........... 2,575 lb
HV ........... 2,400 Liquid ........... 100 Gallons,
LV ........... 208Y/120 Silicone Oil
Temp. Rise.. .65 *C Installed ....... 5-19-88

b. Test Results

Parameters Tested Test Date, 5-19-88

RMS, Volts 120.5

AVG, Volts 120.1

No-Load Loss (W) 405.00

Corrected No-Load Loss 404.35
to Sine-Wave Basis (W)

Exciting Current (A) 2.909

Exciting Current (%) 0.23

Ambient Air Temp. 84 OF

Oil Temp. Inside 28 °C
Transformer

Oil Temp. Inside 28 0C
Transformer (Max)
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Table 10. Coventional 150-kVA Silicone Steel Transformer

Spare Unit in Bldg. 166 (Manufactured in 1987)

Serial No. 87-51079-E; Transformer No. Spare

a. Specifications

Station ...... Bldg. 166 Impedence ........ 4.38%
Type ......... Three-Phase BIL-HV Winding... 95 kV
Frequency .... 60 Hertz BIL-LV Winding...30 kV
Class ........ OA Weight ........... 2,400 lb
HV ........... 12,000 Liquid ........... 97 Gallons,
LV ........... 208Y/120 Silicone Oil
Temp. Rise.. .65 0C Installed ....... 5-19-88

b. Test Results

Parameters Tested Test Date, 5-19-88

RMS, Volts 120.1

AVG, Volts 120.0

No-Load Loss (W) 402.00

Corrected No-Load Loss 401.68
to Sine-Wave Basis (W)

Exciting Current (A) 1.956

Exciting Current (%) 0.16

Ambient Air Temp. 84 OF

Oil Temp. Inside 30 0C
Transformer

Oil Temp. Inside 30 0C
Transformer (Max)
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Table 11. Conventional 150-kVA Silicone Steel Transformer
on the Distribution System at the Naval Shipyard
(World War II Vintage)

Serial No. 65543; Transformer No. LN 3563-E-09436

a. Specifications

Station ...... E-9 Impedence ......... 3.5%
Type ......... C Weight ............ 4,770 lb
Frequency .... 60 Hertz Liquid ............ 158 Gallons
HV ........... 12,000 Core & Coil ....... 2,450 lb
LV ........... 208Y/120 Tank & Fittings... 1,150 lb
Temp. Rise ...55 °C

b. Test Results

Parameters Tested Test Date, 9-17-88

RMS, Volts 120.45

AVG, Volts 120.01

No-Load Loss (W) 888.00

Corrected No-Load Loss 886.40
to Sine-Wave Basis (W)

Exciting Current (A) 7.974

Exciting Current (%) 0.64

Ambient Air Temp. 87 OF

Oil Temp. Inside 43 0C
Transformer

Oil Temp. Inside 45 0C
Transformer (Max)
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Wiring configuration when measuring voltage, current, and power

R SOURCE LOAD
S-

2 -

A A 
A

R AA

(Onan generator) Source TVq V Load (transformer under test)
T S I

Vs
A 3

A G*_

This wiring configuration was used to test the three-phase 3-wire amorphous core

transformers at the following locations throughout the island of Oahu.

BP-B91 150 kVA Barbers Point Naval Air Station
BP- "169 75 kVA Barbers Point Naval Air Station
TF-9 75 WVA Ford Island
TD-10 75 kVA Ford Island

Figure 4. Power measurement of three-phase 3-wire system.
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Wiring configuration when measuring voltage, current, and power

R SOURCE LOAD

S-
,T

N 1 2 31

V VV

L A L A A

R A i*

(Onan generator) Source 4A Load (transformer under test)

T S

This wiring configuration was used to test the three-phase 4-wire amorphous core
transformers at the following locations throughout the island of Oahu.

K-28 150 kVA Naval Supply Center
C-l1 150 kVA Naval Ship Yard
TC-7 150 kVA Ford Island
Bldg 166 150kVA Naval Ship Yard

Figure 5. Power' measurement of three-phase 4-wir'e system.
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LOAD-TO-GENERATOR
GENERATOR CONNECTION CONNECTIONS

P7 %W4L 4CONNECT X1 TO TERMINAL 5OF PRINTED
CIRCUIT BOARD FOR 50Hz. TO TERMINAL

-17 1. 6 FOR 60 Hz.

3C 1020 0 v 40 I 120 v 120/240 V 240VI 120W v 2012*0 V

L I2/0 L I0 v ,L L2 L L L LO L

SC 120/140 31 0 so .4

--T 

T--( I T2\ \
115/230 3 s0 V2 T3 T 3 L

Is 20/20 3 50 VI LI LSIOIT2 TO TL I L2 TL3T

:20/220 3 10 V2 LI ToII TI
139/440 3 60 V4 i l TIP r

277/40 10 V4 ~ 7TI 2

11I 22/200 3 so VI LO T
120/400 3 s0 V3 .4 v

I4041 34 SO6TO I TVT T O 3T
121/220 3 s0 V4L3T T T 4 7 Ti iI' TI T

to 20/406 3 60 VI LI L LO L L

T- I i

51 771/420 3 50 V4 T.

Li 14O TTT.02iT I i ~T~'
la LO T1

is 120/240 3 60 VI ToI

QT I'i

5ig 110/220 I so VI a T

115/230 3 so V. 1

120/240 3 s0 V3 L2 YI4 T7 T2 TI T T 3 Tit T6TO IT1

i 12 40 IL I LOI L i

4 T

SIG 1/20 1 s0 VI LO

II/3 s 2T 1 T

for 120 I S0 VI .

11s I so V2

120 I so V3 L2 TI T7 T6 T1 I3 T9 TS T1 T4 T 10 T2 TI

qX 347/600 3 60 V4 L I ToLTLI2 ) L

B. TO

LO

T TI 12 TI TO
L3

Figure 7. Generator wiring and connection diagrams.
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Appendix

RELATED NCEL TECHNICAL DOCUMENTS ON TRANSFORMERS

NCEL Technical Note N-1801 ......... 25-kVA Amorphous Metal-Core
Transformer Developmental
Test Report

NCEL Techdata Sheet 90-01 .......... Save Money By Procuring Energy-
Efficient Transformer

NCEL Contract Report CR 90.004 ..... Life Cycle Costs of Non-PCB
Distribution Transformer
Alternatives

NCEL Contract Report CR 90.010 ..... Evaluation of a 300-kVA
Amorphous Core Transformer
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NAVFACENG('OM -LANT DIV. Br Otc. Dir. Naples. Italy: Code IIH. Norfolk. VA: ('ode 1632. Norfolk.

VA: Code 403. Norfolk. VA; Code 4(15. Norfolk. VA
NAVFACENGCOM - NORTH DIV. CO. Philadelphia. PA: ('ode 014. Philadelphia. PA: ('ode 11. Philadelphia.

PA; Code Ill. Philadelphia. PA: Code 20)2.2. Philadelphia. PA: ('ode 4II8AF. Philadelphhia. PA
NAVFACENGCOM -PAC' DIV. Code 09P. Pearl Harbor. Ill: ('ode 2011,. Pearl Harbor. HI
NAVFACENG('OM SOUTH DIV. ('ode 04A3. C'harleston. S(%: Code 1021F. C'harleston. S(C: ('ode 403 (S.

Hull). Charleston. SC': Code 40)5. Charleston. SC'% ('ode 4016. Charleston. S('
NAVFACENGCOM -WEST DIV. 0)9P/201. San Bruno. CA: ('ode (4B. San Bruno. ('A: ('ode (NB. San Bruno.

CA: Code 102. San Bruno. CA: Code 4(05. San Bruno. ('A ('ode 4018.2 (Jeung) San Bruno. ('A: Pac NW
Br Offc. Code C/42. Silverdale. WA: Pac NW Br Offc. ('ode Ci'50. Silverdale. WA

NAVFACENGCOM CONTRAC'TS AROICC. ('oleville. CA: AROI('(. Quantico. VA: ('ode 922. Everett.
WA: DROICC. Lemoore. ('A: North Bay. ('ode 1042.AA. Vallejo. ('A: OI('(. Gjuam: OI('(/ROIC('.
Norfolk. VA: OIC('/ROI('(. Virginia Beach. VA: ROI('( (('ode 495). Portsmouth. VA: ROI('(. Corpus
Christi. TX: ROICC. Keflavik. Iceland: ROI('(. Point Mugu. ('A: ROI('C. Twentynine Palms. ('A:. SW
Pac. 01CC. Manila. RP

NAVFUEL DET OIC. Yokohama. Japan
NAVHOSP Hd. Fae Mgmt. Camp Pendleton, CA: SCE (Knapowski). Great Lakes. IL: SC'E. Guam. Mariana

Islands: SCE. Newport. RI: SCE. Pensacola. FL: SC'E, Yokosuka. Japan
NAVMAG SCE. Subic Bay. RP
NAVMARCORES('EN LTJG Davis. Raleigh. N('
NAVMEDCOM NWREG. Fac Engr. PWD. Oakland. ('A: NWREGi. Head. Fac Mgmt Dept. Oakland, CA:

PACREG. Code 22. Barbers Point. HI: SWREG. SCE. San Diego. ('A
NAVOCEANCOMCEN Code FES. Guam. Mariana Islands
NAVOCEANSYSCEN Code 524 (Lepor). San Diego. CA: ('ode 811. San Diego. CA
NAVORDSTA Code 09221. Indian Head. MD: PWO. Louisville, KY
NAVPGSCOL PWO, Monterey. CA
NAVPHIBASE PWO. Norfolk. VA: SCE. San Diego. ('A
NAVRESCEN Dir. Fain Hsng. Sioux City. IA
NAVSCSCOL PWO. Athens. GjA
NAVSECGRUAC1' PWO (Code 40). Edzell. Scotland: PWO. Adak. AK
NAVSECSTA Code 60. Washington. DC
NAVSHIPREPFAC SCE. Yokosuka. Japan



NAVSHIPYD CO. Pearl Harbor. HI: Carr Inlet Acoustic Range. Bremerton. WA: (ode 311.0. Pearl Harbor.
HI: Code 308.3, Pearl Harbor, HI: Code 382.3. Pearl Harbor. HI: Code 421. Long Beach. CA: Code 440.
Portsmouth. NH: Code 443, Bremerton, WA: Code 453. Charleston. SC': ('ode 9(13. Long Beach. CA: Marc
Island. Code 202.13. Vallejo. CA: Mare Island. Code 401. Vallejo, CA: Marc Island. ('ode 421. Vallejo.
CA: Mare Island. Code 453. Vallejo. CA: Mare Island, Code 457, Vallejo. CA: Marc Island. PWO,
Vallejo. CA: Norfolk. Code 441. Portsmouth. VA: Norfolk. ('ode 45011-iD. Portsmouth. VA: PWO (Code
400). Long Beach. CA: PWO. Bremerton. WA: PWO. Charleston. SC

NAVSTA CO. Brooklyn. NY: CO. Long Beach, CA: Code IDA2. San Diego. (A: ('ode 423. FPBO
Guantanamo Bay: Code 423. Norfolk. VA: Code N4214. Mayport. FL: I)ir. Engr )i%. PWI). CGuantanamo
Bay. Cuba: Engrg Dir, PWD. Rota. Spain: PWO. Mayport. FL: SCE. San I)iego. CA: SCE. Subic Bay. RP:
Util Engrg Offr. Rota. Spain: WC 93. Guantanamo Bay. Cuba

NAVSUPPACT CO. Naple Italy: PWO. Naples. Italy
NAVSUPSYSCOM Code (622. Washington. DC
NAVSWC Code E211 (Miller). Dahlgren. VA: Code W42 (GD Ilaga). Dahlgren. VA: DEI. White Oak Lab.

PWO. Silver Spring. MD: PWO. Dahlgren. VA
NAVTECHTRACEN SCE. Pensacola FL
NAVWARCOL Code 24, Newport. RI
NAVWPNCEN AROICC. China Lake. ('A: Code 2637. China Lake. ('A: PW() (('ode 260). China Lake. CA
NAVWPNSTA Code 092. Concord. CA: Code 092A. Seal Beach. CA: Code ((93. Yorktown. VA: )ir. Maint

Control. PWD. Concord. CA- Earle. ('ode 1192. Colts Neck. NJ Earle. ('ode 0922. ('oil, Neck. NJ: Earle.
PWO (Code 09B). Colts Neck. NJ: PWO. Charleston. SC': PWO. Seal Beach. ('A: PWO. Ytorkton, VA

NAVWPNSUPPCEN Code 1931. Crane. IN: PWO. Crane. IN
NETC Code 42. Newport. RI: Code 46. Newport. RI: PWO. Newport. RI
NCR 20, CO
NEESA Code II IE (McClaine). Port Hueneme. CA: Code 113M. Port Hueneme. C'A: (ode 113M2. Port

Hueneme. CA
NMCB 3. Ops Offr
NORDA Code 1121SP. Bay St. Louis. MS
NRL Code 2511. Washington. DC: Code 2531.1. Washington, DC: ('ode 4007( (B. Faraday). Washington. DC
NSC Cheatham Annex. PWO. Williamsburg. VA: Code 54.1. Norfolk. VA: SCE. Charleston. SC': SCE.

Norfolk. VA
NSD SCE, Subic Bay, RP
NUSC DET Code 44 (RS Munn). New London. C'T: ('ode 52(2 (S Schady). New London. CT
OCNR Code I 1I4SE, Arlington. VA: Code 1234. Arlington, VA
OFFICE OF SECRETARY OF DEFENSE OASD (P&L). M. Carr, Wa,,hington. DC: OASD. (P&L)E (Wm It.

Parker). Washington. DC
PACMISRANFAC HI Area. PWO. Kekaha. HI
PHIBCB 1. CO, San Diego, CA: 2. CO. Norfolk. VA
PWC ACE (Code 110), Great Lakes. IL: ACE Office. Norfolk. VA: (ode Ill. (ireat Lakes, IL: Code 111

(Library). Oakland. CA: Code 1011. Great Lakes. IL: Code 1011. Pearl Harbor. HI: C'ode 112, Oakland.
CA: Code 110. Oakland. CA: Code 30, Norfolk. VA: Code 4M0. Great Lakes. IL: Code 41.1. Oakland. C'A:
Code 400. Pearl Harbor. HI: Code 412. San Diego. CA: Code 4211. Great Lakes. IL: Code 421. Oakland.
CA: Code 421 (Reynolds). San Diego. CA: Code 421. San Diego. ('A: Code 422. San Diego. CA: Code 423.
San Diego. CA: Code 423/KJF. Norfolk. VA: Code 424. Norfolk. VA

PWC Code 431 (Kyi). Pearl Harbor. HI
PWC Code 430 (Kyi). Pearl Harbor. HI: Code 4450A (IT. Ramon). Pensacola, FL: Code 51. Pensacola, FL:

Code 500. Great Lakes. IL: Code 51. Norfolk. VA: ('ode 5(1). Oakland. ('A: ('ode 50I5A. Oakland. CA:
Code 6W, Great Lakes. IL: Code 611. San Diego. CA: ('ode 612. Pearl Harbor. HI: ('ode 615. Guam.
Mariana Islands: Code 616, Subic Bay. RP; Code 71(. San Diego. C'A: PW('. ('-422. Pearl Harbor. HI

SPCC PWO (Code 08X). Mechanicsburg. PA
SUBASE Bangor. PWO (Code 8323). Bremerton. WA: SCE. Pearl Harbor. HI
US DEPT OF HHS FDA (Fishery Rsch Br). Dauphin Island. AL
US DEPT OF INTERIOR BLM. Engrg Div (7311. Washington. DC
USAFE DE-HFO. Ramstein AB. GE
USDA For Svc. Tech Engrs. Washington. DC
USNA Ch. Mech Engrg Dept. Annapolis. MD: Mech Engr Dept (C' Wul. Annapolis. MD: Mech Engrg Dept

(Power). Annapolis. MD: PWO. Annapolis. MD
ARIZONA STATE UNIVERSITY Energy Prog Offc. Phoenix. AZ
BROOKHAVEN NATL LAB M. Steinberg. Upton, NY
CALIF MARITIME ACADEMY Library. Vallejo. CA
CITY OF AUSTIN Gen Svcs Dept (Arnold). Austin. TX
CONNECTICUT Policy & Mgmt. Energy Div. Hartford. CT
CORNELL UNIVERSITY Library. Ithaca. NY
DRURY COLLEGE Physics Dept. Springfield. MO
KEENE STATE COLLEGE Sci Dept (Cunningham). Keene. NH
LAWRENCE LIVERMORE NATL LAB FJ Tokarz, Livermore. ('A: Plant Engrg Lib (L-654), Livermore. ('A



LONG BEACH PORT Engrg Dir (Allen), Long Beach. ('A
MAINE Energy Rscs Ofc. Augusta. ME
MISSOURI Nat Res Dept. Energy Div. Jellerson ('ity. MO
MIT Engrg Lib. Cambridge. MA
MONTANA Energy Offc (Anderson). Helena, MT
NATL ACADEMY OF SCIENCES NRC. Naval Studies Bd. Washington. DC
NEW HAMPSHIRE Gov Energy Ofc, Ass! Dir, Concord. NH
UNIV OF TENNESSEE CE Dept (Kane). Knoxville. TN
UNIVERSITY OF ALABAMA Dir Fac Mgmt (Baker). Birmingham. AL
UNIVERSITY OF HARTFORD CE Dept (Keshawarz). West lartlord. ('T
UNIVERSITY OF NEW HAMPSHIRE Elec Engrg Dept (Murdoch). Durham. Nil
UNIVERSITY OF NEW MEXICO NMERI (Leigh). Albuquerque. NM
VENTURA COUNTY Deputy PW Dir. Ventura. CA
APPLIED SYSTEMS R. Smith. Agana. Guam
BECHTEL CIVIL. INC Woolston. San Francisco. CA
DILLINGHAM CONSTR CORP (HD&('). F McHale. Honolulu. III
DURLACH. O'NEAL. JENKINS & ASSOC( Columbia. S(
GRIDCO Ong Yam Chai. Singapore
SAUDI ARABIA King Saud Univ. Rsch Cen. Rivadh
TEXTRON, INC Rsch Cen Lib. Buffalo. NY
TRW INC Rodgers. Redondo Beach. ('A
WESTINGHOUSE ELECTRIC CORP Library. Pittsburg. PA



INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised Its primary distribution lists. The bottom of the
label on the reverse side has several numbers listed. These numbers correspond to numbers assigned to
the list of Subject Categories. Numbers on the label corresponding to those on the list indicate the
subject category and type of documents you are presently receiving. If you are satisfied, throw this card
away (or file it for later reference).

If you want to change what you are presently receiving:

* Delete - mark off number on bottom of label.

* Add - circle number on list.

e Remove my name from all your lists - check box on list.

e Change my address - line out incorrect line and write In correction (DO NOT REMOVE LABEL).

* Number of copies should be entered after the title of the subject categories you select.

Fold on line below and drop in the mail.

Note: Numbers on label but not listed on questionnaire are for NCEL use only, please Ignore them.

Fold on line and staple.

DEPARTMENT OF THE NAVY

Naval CM Engineering Laboratory
Port Hueneme. CA 93043-5003 L N

' ffca] Business NECESSARY

Penalty for Private Use, $300 IF MALEDi IN "ME
UNITED STATES

IBUSINESS REL WARD
FIRST CLASS PERMIT NO. 12503 WASH D.C.
POSTAGE WILL BE PAID BY ADDRESSEE .

- IU

Commanding Officer
Code L34
Naval Civil Engineering Laboratory
Port Hueneme, California 93043-5003



DISTRIBUTION QUESTIONNAIRE
This Naval C;vU Enginring Laboratory Is revising its Primary ditibutlon Mot.

"!TB.CT CATEGORIES 28 ENERGY/POWER GENERATION
29 Thermal conservation (thermal engineering of illings. 14VAC

1 OE AO, IL ACLlTlE systems, energy loss measurement, power gerwation)
;2 2,n~tr-octcn mathodo and mztcr1,es iinolug carro-ion 30 Controls and electrical conservation (eectrcal systes.

Control, coatings) energy monitoring and control systems)
3 ,atcrtrcnt ctructureo (,m,, tsenno/edeteriorat;cr. control) 31 Fuel flexiblllty (liquid fuels, coal utlizatlon. energy
4 t - (icuding power conditloning) from sold waste)

ExplooK'vs safety 32 Alternate energy source (geothermal power. photovoltaic
S Avi .lscn Eng.rieen Teat Faclftles power systems. solar systems. wind systems, energy storage
7 F~Re Pr*vn+nton and c;ontrol systems)
3A.1untsmJ, *scnocgy 33 Site data and systems integration (energy resource data.
I Sl-jctu a Pr-nysis rund d elgn (Incl,&dng numerical and energy consumption data, Integrating energy systems)

conpltor tecohiques) 34 ENVIRONMENTAL PROTECTION
IC F7rotact!v construction (Including hardened shelters, 35 Hazardous waste minrimzation

shoct.k ad vibratton studies) 36 Restoration of Installations (hazardous waste)
1I S rcc n rochanlcs 37 Waste water management and sanitary engineering
14 A!fied3 and pavemcnts 38 Oi pollution removal and recovery

39 Air pollution
.4 "O"ANCE- BASE AND AMPHIBIOUS FACLITIES

13 C-zo' fz es rcitr-uding shatters, power generation, water 44 OCEAN ENGINEERING
45 Seafloor soil and foundations

17 E psdent rcad-t!alrflelds!brldges 46 Seafloor construction systems and operatlOn3 Aictudlng
18 Amnp, bious operations (including breakwaters, wave forces) diver and manipuiator tools)
'9 C-er-the-Soach operations (Including containerization. 47 Undersea structures and rnaterials

rn trial transfer, ighterage and cranes) 48 Anchors and moorings
0 POL storage. transter and distribution 49 Undersea power systems, electromechanIcal cabls.

and connectors
50 Pressure vessel facilties
51 Physical environment (Inctdin site surveying)
52 Ocean-based concrete structures
54 Undersea cable dynamsics

'PeS OF DOCUMENTS
'5 Tcchdwtn Gheets 86 Technical R.ports and Tachnical Notes 82 NCEL Guides & Abstracts Q None-

3 Tcbo of Contents & Index to TDS 91 Physical Security remove my nay..

o I
° I

|



NCEL DOCUMENT EVALUATION
You are number one with us; how do we rate with you?

We at NCEL want to provide you our customer the best possible reports but we need your help. Therefore, I ask you
to please take the time from your busy schedule to fill out this questionnaire. Your response will assist us in providing
the best reports possible for our users. I wish to thank you in advance for your assistance. I assure you that the
information you provide will help us to be more responsive to your future needs.

R. N. STORER, Ph.D, P.E.
Technical Director

DOCUMENT NO. TITLE OF DOCUMENT:

Date: Respondent Organization:

Name: Activity Code:
Phone: GradetRanki

Category (please check):

Sponsor - User Proponent Other (Specify)

Please answer on your behalf only; not on your organization's. Please check (use an X) only the block that most closely
describes your attitude or feeling toward that statement:

SA Strongly Agree A Agree 0 Neutral D Disagree SD Strongly Disagree

SA A N D SD SA A N D SD

1. The technical quality of the report ( ) () () () 6. The conclusions and recommenda- () () () () ()
is comparable to most of my other tions are clear and directly sup-
sources of technical information, ported by the contents of the

report.
2. The report will make significant ( ) ( ) () ()

improvements in the cost and or 7. The graphics, tables, and photo- () () () () ( )
perfotmance of my operation, graphs are well done.

3. Thereport acknowledgesrelated () () () () ()

work accomplished by otbers. Do you wisto continue getting "3 M

NCEL reports? YES NO
4. Thereportiswel formatted. () () 0 E() I

Pieaadd any conunents (e.g., in wbat ways can we
5. ePofIisclearlywitte. () () () () () improvethequalityofourrepo ?)outhebockofthis

f=L
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Comments:

Pase fold on line and staple

DEPARTMENT OF THE NAVY 111
Naval Cvi Engineering Laboratory
Port Hueneme, CA 93043-5003

OfficlJ Business
Penalty for Prtvate Use $300

Code L03B
NAVAL CIVIL ENGINEERING LABORATORY
PORT HUENEME, CA 93043-5003


